We have compared the sensitivities, specificities, and predictive values of three commercial serological assays for the diagnosis of Helicobacter pylori infection. A qualitative latex method (Pyloriset; Orion Diagnostics), a semiquantitative enzyme-linked immunosorbent assay (ELISA) (GAP test IgG; Bio-Rad), and a quantitative ELISA (Helico-G; Porton Cambridge) were used in 109 untreated dyspeptic patients. The presence of H. pylori was established when the results of culture and/or histology of the gastric biopsies taken were positive. The prevalence of H. pylori infection was 62% (52% in 42 patients younger than 45 years of age and 69%o in 67 patients older than 45 years of age). Sensitivities and specificities were 68 and 76% for Pyloriset, 89 and 77% for GAP test IgG, and 82 and 83% for Helico-G. The positive predictive values for all three tests were between 85 and 90%. The predictive values for the absence of disease with a negative result were 62, 82, and 74% for Pyloriset, the GAP test, and Helico-G, respectively. With Helico-G in the younger group (<45 years), sensitivity significantly lower (71 versus 87%) and a positive predictive value lower than those for the older group (>45 years) were found. Either the sensitivities and specificities of commercial methods for the measurement of antibodies to H. pylori in serum must be improved or the relationship between the presence of antibodies and the presence of bacteria in the stomach at the time of investigation is too weak to allow the use of serological techniques instead of culture and histological investigation of gastric biopsy material.
Since the recognition of the role of Helicobacterpylori in the etiology of gastritis and peptic ulcer disease, a number of methods which can be used for the diagnosis of H. pylori infection have been described. When a gastroscopy is performed and biopsies are taken, culture and histological investigation allow accurate detection of H. pylon (5) . A possible noninvasive alternative is '4C-urea or '3C-urea breath tests (1, 2) , which depend, however, on specialized instruments for the detection of radioactive or stable isotopes.
The simplest noninvasive test is the assay of specific antibodies to H. pylon in serum or plasma. In the recent literature, the relationship between the presence of these antibodies and H. pylon infection has been investigated. Very acceptable figures for sensitivity and specificity have been presented (6, 9, 13) , but these figures depend on the nature of the antigenic material used in the various tests. In the literature, whole-cell sonicates as well as partly purified antigen preparations have been proposed (6, 8, 9, 13) .
Recently, a number of serological tests have become commercially available, but their specificities and sensitivities must be established before their proper places in the diagnostic procedure can be determined, the more so because it often remains uncertain which antigens are used in the tests. The purpose of this study was to establish the diagnostic values of these tests in comparison with those of culture and histological investigation as the "gold standards. " MATERIALS AND METHODS Three test kits were selected for the comparative evaluation described here. The first is a qualitative latex agglutination method (Pyloriset; Orion Diagnostics, Espoo, Finland) * Corresponding author. using as antigen an acid-extractable material eluted from the surface of whole organisms in 0.2 M glycine buffer (pH 2.2) (6). The method indiscriminatingly measures immunoglobulin G (IgG), IgA, and IgM antibodies to the antigen. The second is a semiquantitative enzyme-linked immunosorbent assay (ELISA) for the detection of H. pylon-specific IgG antibodies (GAP Test IgG; Bio-Rad, Veenendaal, The Netherlands). Which purification procedure was used to obtain the antigens remains unclear. The classification of the results was performed with the positive/negative ratio of controls provided by the manufacturer. The positive control was measured in dilutions of 1:2, 1:4, 1:8, and 1:16. The positive/ negative ratios obtained for these dilutions were used as cutoff values for the classification of samples as -, +/ -,+,++, or +++. All +/-results were considered negative for the calculation of sensitivity and specificity. The third is a quantitative ELISA based on the method of Newell et al. (6) also using acid-extracted surface antigens for coating of the microtiter wells (Helico-G; Porton Cambridge, Maidenhead, United Kingdom). The last method also specifically measures IgG antibodies.
All kits were used strictly according to the instructions provided by the manufacturers. In a limited number of patient samples, the presence of IgA antibodies to H. pylori was investigated by using the GAP Test IgA.
Culture and histological staining with hematoxylin and eosin and Gram staining of H. pyloni in gastric biopsies were performed according to standard procedures described previously (5, 10).
Patients. The patient group consisted of a series of consecutive patients who presented at the Gastroenterology Department of our hospital with dyspeptic complaints. Gastroscopies were performed for these patients, and biopsies were taken for culture and histological investigation. Only those patients who had not been treated with bismuthcontaining preparations or with antibiotics for at least a year Fig. 1 . The results for sensitivity and specificity, presented in Table 1 , were calculated by using the cutoff level given by the manufacturer. A lower cutoff value will result in higher sensitivity but lower specificity. A higher cutoff value will give lower sensitivity and higher specificity. The effect of the variation of this cutoff value on the sensitivity and specificity of a test is shown with a receiver operating characteristic curve (Fig. 2) .
The prevalence of H. pylon infection was 62% in the total patient population, 52% in the 42 patients under the age of 45, and 69% in the patients over the age of 45. When the sensitivity, specificity, and predictive value of Helico-G were calculated separately for patients younger than 45 years of age, a sensitivity of 71% and a specificity of 85% were found. This resulted in a positive predictive value of 84% and a negative predictive value of 73% for that age group. In the patients who were older than 45 years, the sensitivity was 87% and the specificity was 81%. A positive predictive value of 91% and a negative predictive value of 74% were calculated for this age group.
DISCUSSION
The sensitivities and specificities of serological tests for the detection of H. pylon depend on the choice and the purity of the antigens used. According to information obtained from the manufacturers, the Pyloriset test and the Helico-G test are based on acid-extracted antigens, as described by Newell et al. (6 (12, 13) . Even higher specificities of more than 90% for serological methods have been described in the literature (9) . The results obtained with the commercial assays, as described here, are generally somewhat lower. The lowest sensitivity, less than 70%, was found with the Pyloriset test. This was significantly lower than the sensitivity obtained with either the GAP test or the Helico-G test. The GAP Test IgG had the highest sensitivity in this patient group.
In order to exclude the possibility that these differences in sensitivity were caused by methodological factors, these measurements were repeated with kits from another batch. The results obtained in this way did not improve the sensitivity of Pyloriset, because the number of serum samples changing from negative to positive was almost the same as the number of serum samples changing from positive to negative.
The quantitative results obtained in the Helico-G ELISA did not help to give an explanation for the variability of Pyloriset, because sera below the cutoff level for Helico-G became positive in the repeated Pyloriset assay and sera well above the cutoff level for Helico-G became negative in the second Pyloriset assay.
Because changes from positive to negative as well as changes from negative to positive were seen with the Pyloriset results, it is unlikely that the variability of the results can be explained by deterioration of the samples due to repeated freezing and thawing. Also, the results obtained in the Helico-G ELISA, which was performed later, do not suggest a loss of IgG antibodies.
Therefore, we must conclude that the Pyloriset latex test, which has the advantage of being the simplest to perform, especially in individual samples, is inferior to the ELISAs in sensitivity but has almost equal specificity. This means that there is no advantage to measuring IgM, IgA, and IgG antibodies to H. pylon together, as is done with the Pyloriset. The same conclusion about measuring IgM antibodies has been reached in the literature (9, 15) . Our results are in disagreement with reports in the literature on the relevance of measuring IgA antibodies to H. pylon for diagnosis and follow-up (9, 12, 15) . Not only did we find lower sensitivity with Pyloriset, but our results with the GAP Test IgA did not support a role for the measurement of IgA antibodies for the diagnosis of H. pylon infection. The low number of IgApositive serum samples found in the patient series investigated can only lead to the conclusion that even in the follow-up of patients after treatment, the role of a quantitative IgA antibody determination will be very limited.
The results for the GAP test reported here compare favorably with results obtained recently by van den Oever et al. (14) . Their interpretation of the data obtained was hampered by the fact that they found an unusually high optical density for the negative control. Positive/negative ratios vary with the test kit and with the age of the reagents. Therefore, as suggested by these authors (14), no fixed cutoff values can be used for the interpretation of experimental data obtained with this method.
The specificities of all three methods were rather low, but they did correspond with results reported by Newell et al. (6) and by Rauws and Tytgat (10) . In one case, the explanation for the positive serology might have been a false-negative culture and histological investigation, because the biopsy specimen consisted of intestinal metaplastic epithelium.
From the results of the quantitative ELISA shown in Fig. 1 , it is clear that specificity cannot be improved by minor changes in the choice of the cutoff level. In all false-positive sera, very significant amounts of IgG antibodies were found. Nevertheless, no evidence of recent use of antimicrobial drugs was obtained. Therefore, the limited specificity found here remains largely unexplained.
As a result of the low specificities, low predictive values for these commercial serological test kits were obtained. Therefore, these methods are at present unable to replace endoscopy with culture and histological investigation, as has been suggested for patients younger than 40 to 45 years (7, 11) . The prevalence of H. pylori infection is age related in asymptomatic individuals (3, 4) but also in patients with nonulcerative dyspepsia (10) . The lower prevalences combined with the lower sensitivities found in the group of patients younger than 45 years, resulting in lower predictive values, make it very unlikely that endoscopy can be avoided even for the younger patients. To reach that goal, better commercial assays with higher specificities and sensitivities must be developed.
